Straw rice cultivation in the area of the "Tancats" in the Natural Park of Albufera may suffer anaerobic degradation in humid conditions affecting water quality, impacting negatively on the lake's ecosystem. To perform the impact valuation, during the 2013-2014 season, we first enumerate ecosystem goods and services generated by the Natural Park of the Albufera. Once the services are defined we proceed by using a multi-criteria analysis (AMUVAM) based on experts to evaluate how each of the services are affected by straw anaerobic fermentation. Finally, once hierarchical relevance of impacts is settled, we obtain the total economic impact by using AMUVAM analysis.
Introduction
The Albufera Natural Park is considered one of the most important wetlands of the Iberian Peninsula and the Mediterranean, both for its size and for the valuable biodiversity that it hosts (Colmenar [1] ). For centuries it has been subjected to anthropogenic exploitation and transformation. This process of agricultural transformation, converting marshes and salt marshes into paddy fields, and the regulation of the hydrological functioning of the wetland to promote cultivation, has been the major cause of the modification of the original landscape of the Albufera (Ferrando and Dies Jambrino [2] ).
Rice production is the main economic use of the territory of the Albufera. It is one of the pillars that sustains the local economy, moreover agriculture is also an essential factor in maintaining the wetland ecosystem that has developed in symbiosis with it. On the one hand the cultivation ensures the maintenance of flood levels and is directly linked to both marsh and aquatic plant and animal communities, and on the other hand it maintains an agricultural landscape, rich in tradition (Díaz et al. [3] ).
Every year, at the end of the cycle of rice cultivation after its harvest, the straw is left lying on the fields. Traditionally straw was removed and used for other purposes, however since the late 60s such uses were no longer profitable and straw had been eliminated by burning it on the same fields. This practice produced huge amounts of smoke throughout the surrounding areas, emitting CO2 accumulated in plants and causing public health problems (Sanchís-Jim nez [4] ).
In recent years, economical aid promoted by the EU for farmers benefiting from agro-environmental payments of the Common Agricultural Policy (CAP), prohibits the burning of straw as standard practice admitting exceptions for extraordinary cases only, such as phytosanitary emergencies. That is, farmers comply not to burn the rice straw in order to collect the EU aid (Estruch-Guitart and Planells-Valles [5] ). This limitation has forced researching new ways of managing straw as pilot projects for the LIFE program of the European Commission SOST-RICE and ECO-RICE carried out by the Valencian Institute of Agricultural Research (IVIA) in collaboration with the Polytechnic University of Valencia (UPV), amongst others, where they study alternatives to burning straw. Regarding the different models for straw management, some focus on the removal from the field and subsequent revaluation of biomass waste, whilst others approach this problem by in-situ treatment and management. The latter may consist in pre-crushing straw for posterior burial or scattering of said straw on the field surface before the winter flooding. This last practice results, during the rainiest years, in the environmental impact analysed in the present work.
When the straw remains on the field and this is subsequently flooded during the winter months (October to January), this leads to the decomposition of this material by heterotrophic microorganisms that live in the water. Thus, even before the straw is completely degraded, the microbial activity will significantly reduce the concentration of dissolved oxygen in the water. This phenomenon of hypoxia/anoxia due to organic matter degrading activity by heterotrophic and aerobic microbial communities, has been widely reported even in natural aquatic environments (Hoch et al. [6] ). Once in the absence of oxygen, the degradation of the rice straw will progress through the activity of anaerobic heterotrophic microorganisms, which are able to live without oxygen. These microorganisms will decompose rice straw by two main processes; fermentation or anaerobic respiration. This "anoxic" degradation of rice straw involves a greater variety of microbial types, and therefore also a diversity of end products from their metabolism (Nealson and Scott [7] and Madigan et al. [8] ). However, among them, those who will have a negative effect on the overall value of the habitat, are methane (CH 4 ) and hydrogen sulphide (H 2 S). In fact, these concentrations of hydrogen sulphide together with the absence of oxygen in water have proved seriously damaging in certain areas of the "tancats" park causing mass death of fish and other aquatic organisms damaging the fisheries and prejudice to the neighbouring population.
In section 2 the objective of the work is proposed and the methodology used, the expert selection and the selection of affected Ecosystem Services (ES) is justified. In point 3 we analyse the first expert consultation by which we defined the ES affected by the environmental impact. In point 4 we proceed to the second phase of the interviews where experts apply a multi-criteria analysis, this data is studied in Section 5. In Section 6 the economical valuation assessment is performed by applying the AMUVAM. Section 7 is the conclusion of this work.
Objective and methodological framework
The purpose of this paper is to present a methodology to economically assess the environmental impact generated by rice straw decomposition, under anaerobic conditions, on the ecosystem services. First the information about ecosystem services from the park will be collected and those which were affected by the impact will be identified by a first group of experts. Then through a second consultation with experts, using the methodology of Analytic Hierarchy Process (AHP) (Saaty [9] ), the relevance each expert attributes to the impact on each of the services is obtained, and subsequently through an aggregation of all the values we obtain an interval of Economic Value for the Environmental Impact. There are precedents in the field of application of the AHP and updating of rents to reach an Indicator of Total Economic Value of Environmental Assets (Aznar and Estruch [10] ).
Expert selection
To proceed with the assessment, two groups of experts have been selected. The first group is composed by experts in the park's ecosystem and pertains mainly to academic and research backgrounds. The second group is composed by the experts from the first group with the addition of professional organizations from farmers and fishermen, administration representatives, park technics and representatives of ecologist groups, all of which are listed below: -Assut Foundation -Sat Rice Growers Pinedo Valencia.
-Piscifactoria the Palmar (LIFE).
Ecosystem services definition
The concept of ecosystem services and its consideration for environmental economic valuation has been the result of intense debate on different fronts, but it is possible to define within a particular conceptual framework to define and analyse reality from within it (Boyd and Banzhaf [11] ). For this analysis we will take as an ecosystem service those aspects of the ecosystem used directly or indirectly to generate human well-being (Fisher and Turner [12] ). Also we consider the differentiation between ecosystem services that we will value and benefits of these services in order to avoid possible double counting when making economic valuation, considering and accounting for only the final ecosystem services (Boyd and Banzhaf [11] ). Similarly, we consider that another defining characteristic for these to be considered as ES is to be ecological processes in nature, considering also the Cultural Services as a component of the SE (Wallace [13] and MA [14] ).
Analytic Hierarchy Process (AHP)
The AHP (Saaty [9] ) is a method which helps decision making, widely used in various professional and business fields. Allowing to prioritise a set of alternatives by a paired comparison between components through a fundamental scale designed for this purpose (Table 1) . Table 1 :
Scale of comparison (Saaty [9] ).
Comparing two by two alternatives based on one criteria, and using the scale box of pairwise comparison we obtain square matrices A = a ij that meet the properties of reciprocity, homogeneity and consistency.
The eigenvector v ai of the proposed matrix indicates the importance or weight of each alternative based on that criterion.
AHP also evaluates the inconsistency of the decider when making judgments by calculating the so-called consistency ratio (CR). Overall, inconsistencies are accepted below 10% for matrices of rank n> 4 (5% for n = 3 and 8% for n = 4) (Saaty [9] ). If these conditions are not met, the judgments should be revised or the matrices discarded.
In this paper, unlike a classic model of AHP and previous work on assessment, prioritization is performed by taking into account a single criterion, so that the paired comparison is used only to answer the question "between these two ecosystem services affected by the environmental impact, which is considered to be most affected, and with what intensity". The resulting matrix corresponding to the eigenvector of this process indicates the weighting or relative importance of all the ES considered.
Environmental impact on ecosystem services
During the first phase of the study, individual interviews with a group of experts were conducted in order to determine which ecosystem services were directly affected by the impact produced due to the anaerobic fermentation of straw. For this, the following procedure was followed:
-Subjects were exposed to the definition of ES spelled out in 2.2, differentiating between intermediate services, final services and benefits derived from them (Boyd and Banzhaf [11] ).
-Then the different strategies of the rice straw management in the park and the physical and chemical processes of anaerobic fermentation were explained to them (Hoch et al. [6] ) (as mentioned at the end of section 1 of this work).
-Afterwards, these experts were presented with a categorization of ecosystem services to provide a basis from which to perform the valuation (Figure 1) , "The Economics of Ecosystems and Biodiversity" [15] .
-Once presented with the diagram the experts were asked to list those ES which they judged were directly affected by the impact.
After discussing the results obtained the group of experts agreed on the ES affected by the environmental impact. These services were: -S1. Fishing (provisioning service). 
Interviews: multicriteria application
During the second phase of the study, experts were interviewed individually in sessions, for an average of 30 minutes, during which they were presented with a series of descriptive questions about the professional reality of these and their general views of the context in which the park is circumscribed. Once these questions were answered, they were asked to fill in the matrix of pairwise comparisons multi-criteria on which once the consistency ratios where verified, ruling or restating those inconsistent, the eigenvectors corresponding to each ES ( Table 2) were calculated. As shown in table 2, the distribution of the values of the eigenvectors within each ES, we observe that the values given are quite heterogeneous at intervals. Service S1 with an average=0.23 and std.deviation=0.16, and S2 with average=0.32 and std.deviation=0.14, are both the services that present more variability. For this reason and in order to obtain a weighted aggregation of eigenvectors according the methodology of aggregation of the geometric mean, we perform a statistical data analysis to identify trends within the group of experts (Aczél and Saaty [16] , Forman and Peniwati [17] , Gass and Rapcsák [18] ).
Conglomerate analysis: ANOVA application
By a multivariate cluster analysis technique, we established three groups over which we have conducted an analysis of variance (ANOVA) and a post-hoc test to establish existing patterns between groups framed within each ES (Table 3) . Table 3 :
Post-hoc Scheffé test (source: own elaboration).
From these analyses we establish that these three subgroups within the surveyed experts differ significantly, especially regarding their value judgments as to the significance of the considered impact on fishing, water quality and cultural services. Of these three groups both 1 and 2 represent 44% of the sampled population each, while group 3 only represents 12%. Another significant factor observed is a differentiation between groups 1 and 2; while group 1 is made up almost entirely of components within the research and university's context, group 2 instead consists predominantly of representatives of the fisheries sector, agriculture and park technicians. This fluctuation is probably due to the different conceptions of reality and the experience between groups. While the first group has intervened in various studies and previous interventions in the park repeatedly over time, the second group has experienced a more direct, day-to-day, relationship with the reality of the park. This is probably reflected in an accentuation of what they consider as the most affected service by the anaerobic fermentation of straw, the fishing service. Because of this fluctuation as to the ratings of each service and in order to get the economic value of the impact, we obtain the eigenvectors ( Table 5 ) of each of these to calculate, according to the methodology aggregation of the geometric mean the weighted aggregation eigenvectors (Aczél and Saaty [16] , Forman and Peniwati [17] , Gass and Rapcsák [18] ).
Economic value of the environmental impact
In order to calculate the economic value of the environmental impact we start from a pivot value, which in this case is the fishing service, because the impact effects can be directly correlated economically to losses and declines in catches, which are easily documented. To get such data, we have consulted the databases of the Fishing Community of El Palmar and have used as reference the season before and after the environmental problem took place during the year 2013. We have considered the losses in eel catches, since they are the specie that has been most significantly affected in these periods during which the problem of straw fermentation has been considerable ( Table 4 ). Having the economical estimated losses of 24,460 Euros, and the eigenvectors of the fishing service (S1), we estimate through the multi-criteria valuation methodology AMUVAM (Aznar and Estruch [10] ) the total value of the environmental impact according to each of the subgroups of experts (Table 5 ). Doing so we can assess that the value of the environmental impact occurring on the year of 2013 has fluctuated in a range between 67.380,85 and 268.177,19 Euros.
Conclusions
The proposed assessment method allows us to estimate a range of economic value generated in the park as a result of the impact produced by the anaerobic decomposition of the straw that occurred between the seasons of 2012-13 and 2013-14. It has the advantage of considering only those experts who are consistent in their views. It sets a value interval, for although the impact on services that have a market is the same, the importance attached to the other services that have no market differs depending on the different existing positions. This difference in the importance given by the experts can be seen in the degree of the interval amplitude obtained. It should be noted that this valuation methodology consists of an anthropocentric approach because it is based on judgments that may differ more or less depending on the reality and context of each of the individuals interviewed. This factor allows the representation of the plurality of judgments and opinions inherent human reality. That is why we believe that this methodology may serve well as a very interesting tool to apply in assessing environmental impacts where there is a significant convergence of disparate interests between governments, corporations, unions and other groups, therefore serving as a starting point in managing environmental impacts.
